AD-A193  220 


NK-tiLLUit) 


AD 


DRUG  EVALUATION  IN  THE  PLASMODIUM 
FALCIPARUM-AOTUS  MODEL  (U) 


ANNUAL  REPORT 
Richard  N.  Rossan 

(For  the  period  August  1,  1985  to  July  31,  1986) 
September  30,  1986 
Supported  by 

U.  S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fort  Detrick 

Frederick,  Maryland  21701-5102 
Contract  No.  DAMDl 7-84-C-4215 

Gorgas  Memorial  Laboratory 
Panama,  Republic  of  Panama 

DOD  DISTRIBUTION  STATEMENT 


DT1C 


Approved  for  public  release;  distribution  unlimited. 

The  views,  opinions,  and/or  findings  contained  in  this  report  are  those 
of  the  author  and  should  not  be  construed  as  an  official  Department  of 
the  Army  position,  policy,  or  decision,  unless  so  designated  by  other 
documentation. 


88  3  23 


037 


ecurity  classification  of  this  page 


REPORT  DOCUMENTATION  PAGE 


Ja.  REPORT  SECURITY  CLASSIFICATION 
Unclassified 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


2b.  DECLASSIFICATION /DOWNGRADING  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUM8ER{$) 


lb  RESTRICTIVE  MARKINGS 


Form  Approved 
OMB  No  0704  0188 


3  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release; 
distribution  unlimited 


5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6a.  NAME  OF  PERFORMING  ORGANIZATION 
Gorgas  Memorial  Laboratory 


6c  ADDRESS  (City,  State ,  and  ZIP  Code) 
Panama,  Republic  of  Panama 


6b  OFFICE  SYMBOL 
(If  applicable) 


7a  NAME  OF  MONITORING  ORGANIZATION 


7b  ADDRESS  (City,  State,  and  ZIP  Code) 


8a.  NAME  OF  FUNDING  i  SPONSORING  8b  OFFICE  SYMBOL  9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

ORGANIZATION  U.S*  Army  Medical  (If  applicable) 

Research  &  Development  Command  Contract  No.  DAMD17-84-C-42 15 


8c.  ADDRESS  (City,  State,  and  ZIP  Code)  |  10  SOURCE  OF  FUNDING  NUMBERS 

Fort  Detrick 

Frederick,  Maryland  21701-5012 


1 1  TITLE  (Include  Security  Classification) 

Drug  Evaluation  in  the  Plasmodium  Falciparum  — -  Aotus  Model 


12.  PERSONAL  AUTHOR(S) 

Richard  N,  Rossan.  Ph.D 


13a.  TYPE  OF  REPORT 

Annual  Report 


16.  SUPPLEMENTARY  NOTATION 


13b  TIME  COVERED  14.  DATE  OF  REPORT  (Year,  Month,  Day)  15  PAGE  COUNT 

FROM  8/1/85  to  7/31/86  1986  September  30  49 


17.  COSATI  CODES  18  SUBJECT  TERMS  (Cont/nue  on  rewerje  if  necessary  and  identify  by  block  number) 

SUB-GROUP  Plasmodium  falciparum  curative  drugs 

06  I  13  I _  Aotus  trivirgatus  9-phenan th reneme thanol 

06  20  blood  schizonticidal  drugs  2-f luoro-l-his tidine _ 


19.  ABSTRACT  (Cont/nue  on  reverse  if  necessary  and  identify  by  block  number) 

•Infections  of  two  strains  of  Plasmodium  falciparum,  Uganda  Palo  Alto  (chloroquine  sensi¬ 
tive)  or  Vietnam  Smith  (chloroquine  resistant),  in  Aotus  trivirgatus,  were  used  to  eva¬ 
luate  the  blood  schizonticidal  and  curative  activity  of  experimental  antimalarial  drugs. 

WR  250547  and  WR  250548,  stereoisomers  of  floxacrine,  administered  in  combination  each  at 
doses  of  0.5  or  1.0  mg  base  per  kg  (x  3  days)  cleared  and/or  cured  Vietnam  Smith  infections 
Other  doses  ratios  were  equally  effective  indicating  a  potentiating  effect  of  WR  250547 
for  WR  250548.  Three  9-phenanthrenemethanols  were  evaluated  against  Vietnam  Smith  infec¬ 
tions:  neither  the  chloride  or  biquinate  salts  of  halofantrine  were  effective,  at  the 
doses  used;  WR  122455  cured  these  treatment  failures  as  well  as  primary  infections.  A 
single  intravenous  dose  of  2-f luoro-1 -hi stidine  of  50.0  or  100.0  mg  base  per  kg  had  no 
effect  upon  Uganda  Palo  Alto  strain  parasitemias.  When  2-iodo-hi stidine  was  admini stered , 
either  as  a  single  intravenous  dose  of  200.0  or  400.0  mg  base  per  kg  or  as  three  oral 
doses  of  100.0  mg  base  per  kg,  no  antimalarial  activity  was  observed.  Sodium  artesunate, 


20.  DISTRIBUTION /AVAILABILITY  OF  ABSTRACT 

□  unclassified/unlimited  ED  same  as  rpt 


22a  NAME  OF  RESPONSIBLE  INDIVIDUAL 
Mrs.  Virginia  M.  Miller 


DO  Form  1473.  JUN  86 


21  ABSTRACT  SECURITY  CLASSIFICATION 
□  DTiC  USERS  Unclassified 


22c  OFFICE  SYMBOL 
SGRD-RMJ -S 


Previous  editions  are  obsolete 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


18.  acridinol 
2-iodo-his  tidine 

'  'Lisodim  artesunate 

19.  'administered  intravenously  at  a  dose  of  30.0  mg  per  kg  (x  2  days),  temporarily 
suppressed  Uganda  Palo  Alto  parasitemia.  Trials  are  in  progress  to  adapt  the 
UNC-W2-MEF  clone  of  the  CDC  Indochina  III  strain  of  P.  falciparum  to  Aotus. 


iv 


SUMMARY 


The  primary  goal  of  these  studies  was  to  evaluate  experimental  antimalarial 
drugs  in  a  non-hunan  primate  model:  blood-induced  infections  of  PI asmodium 
falciparum  in  the  Panamanian  owl  monkey  Aotus*  Two  strains  of  falciparum  malaria, 
Uganda  Palo  Alto  (sensitive  to  chloroquine  aria  quinine,  resistant  to  pyrimetha¬ 
mine)  and  Vietnam  Smith  (resistant  to  chloroquine,  quinine  and  pyrimethamine) 
were  used. 


Previous  evaluation  of  two  stereoisomers  of  floxacrine  indicated  that 
WR  250547  cured  Vietnam  Smith  infections  when  administered  at  doses  of  1 .0,  4.0 
or  16.0  mg  base  per  kg  (x  3  days).  WR  250548,  however,  did  not  clear  and/or 
cure  Vietnam  Smith  infections  when  administered  at  similar  doses.  When  both 
drugs  were  administered,  in  combination,  against  Vietnam  Smith  infections  a  poten¬ 
tiating  effect  was  observed.  WR  250547  and  WR  250548,  each  administered  at  a 
dose  of  0.5  or  1.0  mg  base  per  kg  (x  3  days)  cleared  and/or  cured  Vietnam  Smith 
infections.  Other  dose  ratios  of  0.5  and  2.0,  2.0  and  0.5,  1.0  and  4.0,  and  4.0 
and  1.0,  were  equally  effective  in  curing  infections  of  the  Vietnam  Smith  strain. 

Three  9-phenathrenemethanols  were  evaluated  against  infections  of  the  multi¬ 
drug  resistant  Vietnam  Smith  strain.  The  chloride  salt  of  halofantrine,  WR  171 
669AM,  cured  two  infections  out  of  a  total  of  22  treatments.  Doses  of  2.9,  5.8  or 
11.7  mg  base  per  kg  (x  3  days)  were  not  effective  against  primary  parasitemias. 

The  biquinate  salt  of  halofantrine,  WR  171699AP,  did  not  clear  primary  parasite¬ 
mias  when  administered  at  dose  of  2.9,  5.8  or  11.7  mg  base  per  kg  (x  3  days)  and 
after  retreatments  cured  one  of  21  infections.  WR  122455  at  a  dose  of  5.8  or  11.7 
mg  base  per  kg  (x  3  days)  cured  3  of  4  primary  infections,  and  all  recrudescences 
following  treatment  with  either  WR  171669AM  or  WR  171699AP. 

A  prior  evaluation  of  2-fl uorv4 -histidine  (WR  251835)  showed  that  a  dose  of 
25.0  mg  base  per  kg  (x  7  days)  suppressed  parasitemia  of  the  Uganda  Palo  Alto 
strain  and  a  50.0  mg  base  per  kg  dose  was  toxic  by  the  sixth  day  of  administration. 
A  re-evaluation  of  2-f luoro-l-histidine  administered  as  a  single  intravenous  dose 
of  50.0  or  100.0  mg  base  per  kg  had  no  effect  upon  Uganda  Palo  Alto  parasitemias. 
The  2-iodo-histidine  analogue  was  administered  as  a  single  intravenous  dose  of 
200.0  or  400.0  mg  base  per  kg.  No  activity  against  infections  of  the  Uganda  Palo 
Alto  strain  was  observed.  The  monkeys  were  re-treated  orally  with  three  100.0 
mg  base  per  kg  doses,  but  this  regimen  had  no  effect  upon  the  parasites. 


A  pilot  evaluation  of  sodium  artesunate,  a  derivative  of  Qinghaosu,  showed 
that  intravenous  administration  of  a  30.0  mg  per  kg  (x  2  days)  dose  suppressed 
temporarily  Uganda  Palo  Alto  parasitemia  in  one  Aotus . 

Trials  are  in  progress  in  adapting  the  UNC-W2-MEF  clone  of  the  CDC  Indochina 
III  strain  of  F\  falciparum  to  Aotus.  To  date,  parasitemias  greater  than  1,000 
per  mnr  have  been  obtained  only  in  a  splenectomized  Aotus  of  Colombian  origin. 
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FOREWORD 


In  conducting  the  research  described  in  this  report,  the  investigators 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals,"  prepared 
by  the  Committee  on  Care  and  Use  of  Laboratory  Animals  of  the  Institute  of 
Laboratory  Animal  Resources,  National  Research  Council  (DHEW  Publication  No. 
(NIH)  78-23,  Revised  1978). 
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EXPER IMENTAL  PROCEDURES 


Two  monkey-adapted  Plasmodium  falciparum  strains,  Vietnam  Smith  (resistant 
to  maximally  tolerated  doses  of  chloroquine,  pyrimethamine,  and  quinine),  and 
Uganda  Palo  Alto  (sensitive  to  chloroquine  and  quinine,  resistant  to  pyrimetha¬ 
mine)  were  used  to  induce  experimental  malaria  infections  in  Aotus  trivirgatus 
for  the  evaluation  of  the  antimalarial  efficacy  of  candidate  drugs.  Infected 
blood,  with  sodium  citrate  (2.5%)  as  the  anticoagulant,  from  untreated  Aotus 
was  diluted  appropriately  with  chilled  saline  (0.85%),  such  that  each  mill iliter 
contained  5,000,000  parasites,  and  this  amount  was  injected  into  the  saphenous 
vein  of  experimental  and  control  monkeys. 

Blood  films,  prepared  and  examined  daily  beginning  on  the  first  post-inocu¬ 
lation  day,  were  stained  with  Giemsa.  Parasitemias  were  evaluated  as  follows: 
negative,  if  no  parasites  were  detected  on  a  thick  blood  film  after  examination 
for  at  least  5  minutes;  <10  parasites  per  cmrn,  if  positive  only  on  the  thick 
blood  film;  parasite  enumeration  was  by  the  Earle-Perez  method  and  reported  as 
the  nunber  of  parasites  per  cmrn. 

Blood  films  from  untreated  Aotus,  serving  as  passage  and/or  control  subjects, 
were  prepared  and  examined  daily  during  the  primary  patent  period,  and  daily 
thereafter  for  at  least  three  consecutive  days  after  parasites  could  last  be 
detected  on  thick  blood  films.  When  parasitemia  had  cleared,  films  were  made 
and  examined  twice  weekly  until  a  total  of  100  negative  days  had  been  recorded. 

If  a  recrudescence  occurred,  blood  films  were  obtained  again  on  a  daily  basis. 

The  schena  depicted  in  Figure  1  represents  the  design  of  a  typical  drug 
evaluation  study.  Parasi temia$were  evaluated  daily  (or  twice  daily)  during  .the 
treatment  period  and  until  blood  films  were  negative  for  at  least  seven  consecutive 
days.  The  frequency  of  smearing  was  then  reduced  to  two  times  per  week  (Monday 
and  Thursdays  or  Tuesdays  and  Fridays).  If  no  recrudescences  occurred  during  a 
100  day  examination  period,  the  infection  was  considered  to  have  been  cured. 

Drug  doses  were  calculated  as  mg  base  per  kg  of  body  weight.  Stock  solution 
of  water  soluble  compounds,  at  appropriate  concentrations,  were  prepared  with 
distilled  water  and  stored  at  8°C  for  the  treatment  period.  If  a  compound  was 
water  insoluble,  a  suspension  of  the  requisite  amount  of  drug  was  prepared  daily 
with  0.3%  methylcell ul ose  (in  distilled  water). 

Oral  administration  of  drugs  was  effected  by  gastric  intubation  with  a  14 
French  catheter.  The  total  amount  of  fluid  administered,  drug  solution  or  suspen¬ 
sion,  and  rinse  was  14  ml.  As  will  be  indicated  in  subsequent  sections,  sane 
drugs  were  administered  other  than  by  gastric  intubation. 
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FIGURE  1 

SCHEMA  FOR  DRUG  EVALUATION  AGAINST 
PLASMODIUM  FALCIPARUM 
INDUCED  INFECTIONS  IN  AQTUS  TRIVIRGATUS 
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ASSESSMENT  OF  THE  ANT  I MALARIAL  ACTIVITY  OF  WR  250547AA  (BN:  BK  51630) 
AND  WR  250548AA  (BN:  BK  51621)  IN  COMBINATION,  AGAINST  INFECTIONS 
OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 


Both  of  these  acridinol  compounds  are  stereoi sailers  of  floxacrine.  The 
published  (1)  antimalarial  activity  of  floxacrine  against  the  multi-resistant 
Vietnam  Smith  strain  of  P.  falciparum  indicated  that  the  total -course  CDgg  and 
CDgg  for  previously  untreated  infections  were  56.0  and  154.0  mg  per  kg,  res¬ 
pectively.  These  doses  were  6  x  and  17  x  greater  than  the  8.75  mg  per  kg 
course  dose  necessary  for  regular  clearance  of  parasitemia. 

Results  of  the  evaluation  of  the  two  stereoisomers,  singly,  against 
infections  of  the  Vietnam  Smith  strain  were  presented  in  a  previous  Annual 
Report  (2).  The  data  showed  that  WR  250547  at  a  dose  of  1.0  mg  base  per 
kg  (x  3)  cured  1  of  2  primary  infections  and  that  doses  of  4.0  or  16.0  mg 
base  per  kg  (x  3)  cured  all  primary  infections.  Primary  Vietnam  Smith  infections 
were  not  cleared  by  WR  250548  at  doses  of  1.0  or  4.0  mg  base  per  kg  (x  3  days); 
a  dose  of  16.0  mg  base  per  kg  (x  3  days)  cleared  parasites,  but  did  not  cure 
the  infection.  Retreatment  with  higher  doses  was  not  uniformly  curative. 

Subsequently,  evaluation  of  WR  250547  in  combination  with  WR  250548 
showed  that  a  potentiating  effect  was  obtained  ijn  v i tro  against  P.  falciparum 
and  in  vivo  against  F\  berghei  ■  (3).  These  observations  provided  the  impetus 
to  re-evaluate  the  canbination  of  the  two  stereoisomers  against  Vietnam  Smith 
infections  in  Aotus.  The  results  of  this  study  are  presented  in  Tables  1,2 
and  3.  Equal  doses,  0.5  mg  base  per  kg  (  x  3  days),  of  WR  250547  and  WR  250548 
cleared  the  parasitania,  but  did  not  cure  the  infection.  Re-treatment  with 
the  drugs  each  at  a  dose  of  1.0  mg  base  per  kg  (x  3  days)  cured  the  infection, 
and  this  dose  of  each  drug  cured  a  primary  Vietnam  Smith  infection. 

Administration  (Aotus  11980)  of  WR  250547  at  a  dose  of  0.5  mg  base  per  kg 

(x  3  days)  in  canbination  with  WR  250548  at  a  dose  of  2.0  mg  base  per  kg  (x  3 

days)  only  cleared  the  parasitenia.  Retreatment  with  WR  250547  (1.0  mg  base 
per  kg  x  3  days)  plus  WR  250548  (4.0  mg  base  per  kg  x  3  days)  suppressed  para¬ 
sitemia.  A  second  retreatment  with  WR  250547  at  a  dose  of  2.0  mg  base  per  kg 
(x  3  days)  plus  WR  250548  at  a  dose  of  4.0  mg  base  per  kg  (x  3  days)  cleared 
parasitenia,  but  did  not  cure  the  infection.  Additional  treatment  was  not 
possible  due  to  insufficient  drug. 

A  dose  of  1.0  mg  base  per  kg  (x  3  days)  of  WR  250547  administered  in  can¬ 
bination  with  WR  250548  at  a  dose  of  4.0  mg  base  per  kg  (x  3  days)  cured  the 

infection  in  Aotus  11856.  The  infection  in  Aotjjs^  1  1977  was  cured  with  WR  250547 

(2.0  mg  base  per  kg  x  3  days)  plus  WR  250548  (0.5  mg  base  per  kg  x  3  days).  WR  250 

547  at  a  dose  of  4.0  mg  base  per  kg  (x  3  days)  plus  WR  250548  at  a  dose  of  1.0 
mg  base  per  kg  (x  3  days)  cured  the  infection  in  Aotus  11908. 
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CONCLUSION 


The  potentiating  effect  of  WR  250547  for  WR  250548  observed  initially 
in  the  P_.  berghei  rodent  model  has  been  confirmed  in  the  £.  falcipaum  -  Aotus 
model.  The  dosage  combination  evaluated  of  the  two  drugs  show  significantly 
greater  activity  of  WR  250548  when  administered  with  Wk  250547.  The  one  failure 
in  Aotus  11980  to  cure  the  infection  may  have  resulted  from  the  induction  of 
parasite  resistance  to  the  drugs  or  the  inability  of  the  monkey  to  absorb/meta¬ 
bolize  the  drug  (s). 


a=  WR  250547AA 
b=  WR  250548 AA 
*=  drug  form 


WR  250547AA 
WR  250548AA 


TABLE  3 


SUMMARY  OF  THE  ANTIMALARI AL  ACTIVITY  OF  THE  COMBINATION  OF  WR  250547AA  (BK  51630) 
AND  WR  250548AA  (BK  51621)  AGAINST  INFECTIONS  OF  THE  VIETNAM 
SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 


MALARIA 

STRAIN 


Snith 


DOSE  mg/kg  PRIMARY  TREATMENTS  REPEAT  TREATMENTS  TOTAL  TREATMENTS 


TOTAL 

DAILY 

CLEARED 

CURED 

CLEARED 

CURED 

CLEARED 

CURED 

1.5a 

0.5 

1/1 

0/1 

1/1 

0/1 

1.5b 

0.5 

3.0a 

1.0 

1/1 

1/1 

1/1 

i/i 

2/2 

2/2 

3.0b 

1  .0 

1.5a 

0.5 

1/1 

0/1 

1/1 

0/1 

6.0b 

2.0 

3.0a 

1.0 

1/1 

1/1 

1/1 

0/1 

2/2 

1/2 

12.0b 

4.0 

6.0a 

2.0 

1/1 

1/1 

1/1 

1/1 

1.5a 

0.5 

12.0a 

4.0 

1/1 

1/1 

1/1 

1/1 

3.0b 

1 .0 

6.0a 

2.0 

1/1 

0/1 

1/1 

0/1 

12.0b 

4.0 

a=  WR  250547AA 
b=  WR  250548AA 
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ASSESSMENT  Or  THE  ANTIMALAR1AL  ACTIVITIES  THREE  9-PHENANTHRENEMETHANOLS  AGAINST 
INFECTIONS  OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 


The  antimalarial  activities  in  owl  monkeys  of  diverse  9-phenanthreneme- 
thanoTs  have  been  reported  (4).  Two  drugs  in  this  class,  WR  171669  (subsequently 
called  ha  1 ofantr i ne) and  WR  1  22755  were  highly  active.  WR  122455  was  four  times 
as  active  as  chloroquine  against  chloroquine  -  sensitive  P .  falcijiaruni  strains 
and  WR  171669  was  equal  to  the  activity  of  chloroquine. 

Evaluation  of  these  two  agents  in  human  volunteers  (5)  infected  with 
the  mu  1  ti -drug  resistant  Vietnam  Smith  strain  of  P.  fa]cjj3_arum  showed  that 
WR  1  22455  at  480  mg  per  day  for  3  to  6  days  cured  9  of  9  such  infections.  WR  171669 
administered  at  1.0  gm  per  day  for  3  days  cured  6  of  6  volunteers  infected  with 
the  Smith  strain.  Large  doses  of  both  drugs  evoked  gastrointestinal  symptoms  - 
nausea,  vomiting,  abdominal  pain  and  diarrhea. 

Based  ypon  additional  data  (3)  it  was  believed  that  the  biquinate  salt 
of  halofantjne  would  enhance  the  bioavailability  of  ha  I ofantr ine.  Both  compounds 
were  assessed  in  parallel  studies  against  infections  of  the  Vietnam  Smith  strain 
and  also  included  was  a  re-assessment  of  WR  122455. 
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A.  WR  171669AM  (BN:  BK  64002) 

The  activity  of  the  chloride  salt  of  halofantrine  is  detailed  in  Table 
4,  and  summarized  in  Tables  5  and  6.  The  data  indicate  that  doses  of  2.92, 

5.83,  or  11.67  mg  base  per  kg  (  x  3  days)  had  either  no  effect  or  a  suppressive 
effect  upon  primary  Vietnam  Smith  paras itemias.  Retreatment  with  a  dose  of 
5.83  mg  base  per  kg  (  x  3  days)  in  two  monkeys  only  suppressed  parasitemia.  In 
four  Aotus  retreated  with  a  dose  of  11.67  mg  base  per  kg  (x  3  days),  the  para¬ 
sitemia  was  suppressed  in  two  monkeys,  and  cleared  in  two;  the  infection  was 
cleared  in  one  of  the  latter  animals. 

A  dose  of  23.3  mg  base  per  kg  (x  3  days)  only  suppressed  parasitemia  in 
two  monkeys  and  cleared  the  parasites,  but  did  not  cure,  in  two  Ao tu s .  Parasi  teinias 
were  cleared  in  4  of  4  Aotus  with  a  dose  of  46.6  mg  base  per  kg  (x  3  days), 
but  infections  were  not  cured.  One  of  two  recrudescences  was  cured  with  a  dose 
of  93.2  mg  base  per  kg  (x  3  days).  No  apparent  toxic  reactions  occurred. 


Four  treatment  failures  were  included  in  the  WR  122455  assessment. 
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B.  WR  1 71669AP  (BN:  BL  08009) 

The  biquinate  salt  of  halofantrine  was  evaluated  at  the  same  doses 
as  WR  171669AM.  Detailed  results  are  presented  in  Table  7,  and  summarized 
in  Tables  8  and  9.  Primary  parasi temias  were  either  not  affected  or  suppressed 
with  doses  of  2.92,  5.83  or  11.67  mg  base  per  kg  (x  3  days).  Retreatment 
with  a  dose  of  5.83  mg  base  per  kg  (x  3  days)  suppressed  parasitemia,  and 
retreatment  with  a  dose  of  11.67  mg  base  per  kg  (x  3  days)  suppressed  para¬ 
sitemia  in  one  Aotus  and  cleared  parasitemia  in  3  of  3  monkeys.  Infections 
in  the  latter  three  monkeys  were  not  cured. 

Parasitemias  in  6  of  6  Aotus  retreated  with  a  dose  23.3  mg  base  per 
kg  (x  3  days)  were  cleared,  but  infections  were  not  cured.  Retreatment  with 
a  dose  of  46.6  mg  base  per  kg  (x  3  days)  cured  the  infection  in  1  of  3  Aotus , 
and  cleared  parasitemias  only  in  2  of  3  monkeys. 


Recrudescences  in  five  Aotus  were  treated  with  WR  122455. 
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C.  WR  1 22455AF  (BN:  AX26839) 

Assessment  of  the  hydrochloride  salt  of  WR  122455  included  primary 
Vietnam  Smith  parasitemias  and  recrudescences  following  multiple  re-treat¬ 
ments  with  either  WR  171669AM  or  WR  171669AP.  The  detailed  activity  is 
presented  in  Table  10  and  summarized  in  Tables  11  and  12. 

A  dose  of  2.92  mg  base  per  kg  (x  3  days)  suppressed  parasitemia  in  2  of 
2  Aotus.  Two  of  2  primary  parasitemias  were  cleared  at  a  dose  of  5.83  mg 
base  per  kg  (x  3  days),  and  the  infection  cured  in  one  monkey.  A  dose  of 
11.67  mg  base  per  kg  (x  3  days)  cured  2  of  2  primary  infections. 

Recrudescent  parasitemias  after  re-treatments  with  either  WR  171669AM 
or  WR  171669AP,  were  cleared  with  WR  122455  at  a  dose  of  2.92  mg  base  per 
kg  (x  3  days);  the  infection  in  one  Aotus  was  cured.  Treatment  with  WR  122455 
at  a  dose  of  5.83  or  11.67  mg  base  per  kg  (x  3  days)  respectively  cured  7  of 
7  and  4  of  4 K  treatment  failures  with  either  WR  171669AM  or  WR  171669AP. 


CONCLUSION 


At  the  doses  used,  halofantrine  (WR  171699AM)  was  essentially  inactive 
against  infections  in  Aotus  of  the  multi-drug  resistant  Vietnam  Snith  strain 
of  P.  falciparum.  In  a  total  of  22  treatments,  parasi tenia  was  cleared  in  9 
cases  with  cure  of  only  two  infections.  The  biquinate  salt  (WR  171699AP)  of 
halofantrine  cleared  10  parasitemias  in  a  total  of  21  treatments,  but  only 
one  infection  was  cured.  The  effective  antimalarial  activity  of  WR  122455 
was  evidenced  by  the  parasite  clearance  in  17  of  19  treatments,  and  infec¬ 
tion  cure  in  15  of  19  treatments.  All  treatment  failures  with  either 
WR  171669AM  or  WR  171669AP  were  cured  by  WR  122455. 


DETAILED  ACTIVITY  OF  WR  171669AM  (BK  64002)  AGAINST  INFECTIONS  OF  THE 
VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 
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TABLE  6 

SUMMARY  OF  THE  ANT IMALAR IAL  ACTIVITY  OF  HR  171669AM  (BK  64002)  AGAINST 
INFECTIONS  OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 


MALARIA 

STRAIN 

DOSE  mq/kq 

TOTAL  DAILY 

PR  MARY 

CL  DTK  ED 

TREATMENTS 

CURED 

REPEAT 

CLEARED 

TREATMENT S 

CURED 

TOTAL  TREATMENTS 

CLEARED  CURED 

Sini  th 

8.76 

2.92 

0/2 

0/2 

0/2 

0/2 

17.49 

5.83 

0/2 

0/2 
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0/4 

0/4 

35.01 

11.67 

0/2 

0/2 

2/4 

1/4 

2/6 

1/6 

69.9 

23.3 

2/4 

0/4 

2/4 

0/4 

139.8 

46.6 

4/1 

0/4 
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0/4 

279.6 

93.2 

1/2 
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TABLE  9 

SUMMARY  OF  THE  ANTIMALARIAL  ACTIVITY  OF  WR  171669AP  (BL  08009)  AGAINST 
INFECTIONS  OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 


MALARIA 

DOSE  mg/kg 

PRIMARY  TREATMENTS 

REPEAT  TREATMENTS 

TOTAL  TREATMENTS 

STRAIN 

TOTAL  DAILY 

CLEARED  CURED 

CLEARED  CURED 

CLEARED  CURED 

Sin  i  t  h  8.76 

2.  92 

0/2 

0/2 

0/2 

0/2 

17.49 

5.83 

0/2 

0/2 

0/2 

0/2 

0/4 

0/4 

35.01 

11.67 

0/2 

0/2 

1/4 

0/4 

1/6 

0/6 

69.9 

23.3 

6/6 

0/6 

6/6 

0/6 

139.8 

46.6 

3/3 

1/3 

3/3 

1/3 
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TABLE  12 

SUMMARY  OF  THE  ANTIMALAR IAL  ACTIVITY  OF  WR  122455AF  (AX  26839)  AGAINST 
INFECTIONS  OF  THE  VIETNAM  SMITH  STRAIN  OF  PLASMODIUM  FALCIPARUM 


MALARIA 

DOSE  mg/kg 

PRIMARY  TREATMENTS 

REPEAT  TREATMENTS 

TOTAL  TREATMENTS 

STRAIN 

TOTAL  DAILY 

CLEARED  CURED 

CLEARED  CURED 

CLEARED  CURED 

Smith 

8.76 

2.92 

0/2 

0/2 

2/2 

1/2 

2/4 

1/4 

17.49 

5.83 

2/2 

1/2 

7/7 

7/7 

9/9 

8/9 

35.01 

11  .67 

2/2 

2/2 

4/4 

4/4 

6/6 

6/6 
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ASSESSMENT  OF  THE  ANTIMALARIAL  ACTIVITIES  OF  2 -FL UORO -L -H I  ST  I D I NE  AND 
2-IODO-HIST1DINE  AGAINST  INFECTIONS  OF  THE  UGANDA  PALO  ALTO 
STRAIN  OF  PLASMODIUM  FALCIPARUM 


A  pilot  evaluation  (6)  of  2-fluoro-l-histidine  (WR  251853AA;  BN:  BK  70877) 
indicated  that  a  total  daily  dose  of  25.0  mg  base  per  kg  (x  7  days)  suppressed 
parasitemia  of  the  Uganda  Palo  Alto  strain  in  1  of  2  treated  Aotus.  Parasite¬ 
mias  in  2  of  2  Aotus  were  suppressed  by  a  total  daily  dose  of  50.0  mg  base 
per  kg  (x  6  days);  however,  both  animals  died,  on  the  sixth  day  of  treatment, 
of  probable  drug  toxicity.  Since  in  vitro  studies  at  the  Malaria  Section 
Laboratory,  National  Institutes  of  Health,  Bethesda,  Md.,  have  shown  that 
2-fluoro-l-histidine  will  inhibit  both  parasite  growth  and  knob  formation  of 
parasitized  erythrocytes,  additional  in-vivo  studies  were  considered  to  be  of 
value. 

Accordingly,  Dr.  Lindsey  Panton  (from  NIH)  was  at  Gorgas  Manorial  Labora¬ 
tory  for  one  month  in  a  cooperative  effort  to  re-evaluate  2-fluoro-l-histi¬ 
dine  and  a  less  toxic  histidine,  2-iodo-histidine.  Drugs  were  provided  by 
Dr.  Panton.  Also,  Dr.  Carter  Atkinson,  Case  Western  Reserve  University 
(Dr.  Aikawas'  laboratory),  Cleveland,  Ohio  obtained  tissue  samples  from  treated 
and  control  monkeys  for  election  microscopy  detenninati on  of  parasite  sequestration 
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A.  2-fluoro-1 -histidine 


This  histidine  was  re-evaluated  in  a  total  of  four  Aotus  infected  with 
the  Uganda  Palo  Alto  strain  (Tables  13  and  14).  Two  monkeys  each  were  treated 
(intravenously)  with  a  single  50.0  mg  base  per  kg  dose  and  each  of  two  Aotus 
were  treated  (intravenously)  with  a  single  100.0  mg  base  per  kg  dose,  the 
50.0  mg  base  per  kg  dose  had  no  effect  upon  parasitemia  in  either  monkey  and 
one  monkey  was  sacrificed  for  tissues  on  day  4,  post  treatment. 

Parasitemia  in  Aotus  11379  was  suppressed  by  a  100.0  mg  base  per  kg  dose. 
The  parasite  clearance  (23  days  post  treatment)  was  not  considered  to  be  the 
result  of  drug  action,  but  represented  the  length  of  a  normal  patent  period 
(24.1  +  4.8  days)  during  the  primary  attack  of  infections  with  the  Uganda 
Palo  ATto  strain  of  P.  fa  1c iparum  (7).  The  parasitemia  in  Aotus  11997  was 
not  suppressed  by  a  single  100.0  mg  base  per  kg  dose;  the  monkey  was  sacri¬ 
ficed  on  day  7  post  treatment  for  tissues. 
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B.  2-iodo-histidine 


This  analogue  of  the  amino  acid,  histidine,  was  first  evaluated  by  a 
single  dose  administered  intravenously  to  monkeys  infected  with  the  Uganda 
Palo  Alto  strain.  The  data  presented  in  Tables  15  and  17  show  that  a 
dose  of  200.0  or  400.0  mg  per  kg  had  no  effect  upon  parasitemia  in  each  of 
four  Aotus. 

Monkeys  were  then  retreated  each  with  a  100.0  mg  per  kg  dose  (oral)  as 
follows:  day  1  -  one  dose  in  the  afternoon,  day  2  -  one  dose  in  the  morning 
and  one  in  the  afternoon.  Results  shown  in  Tables  16  and  18  that  this  course 
of  treatment  had  no  effect  upon  parasitemia  and  the  animals  succumbed  to 
malaria  infection. 
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PILOT  EVALUATION  OF  SODIUM  ARTESUNATE  AGAINST  INFECTION  OF  THE  UGANDA 
PALO  ALTO  STRAIN  OF  PLASMODIUM  FALCIPARUM 


Q^inyhaosu  (QHS),  artemisinin)  was  isolated  by  Chinese  chemists  in  1971 
from  the  herb  Artenisia  annua  (8).  The  herb  had  been  used  for  more  than  10 
centuries  in  CfTina  as  treatment  for  fevers  and  malaria,  QHS  has  been  used 
successfully  against  P_.  falciparum  infections  in  iiian^'either  chi  oroqu  ine-sensi - 
tive  or  chloroquine  -  resistant  strains.  A  derivative  of  QHS,  is  the  water  solu¬ 
ble  sodium  artesunate,  more  active  than  QHS  against  chloroquine  -  resistant  and 
chloroquine  -  sensitive  strains  of  P_.  berghei .  Sodium  artesunate  has  proven  to 
be  effective  in  human  cases  of  cerebral  malaria.  There  have  been  no  systematic 
studies  evaluating  sodium  artesunate  in  the  P.  falc i par urn  -  Aotus  model.  The 
present  evaluation  was  limited  to  but  a  single  Aotus  because  of  the  restricted 
availability  of  the  drug. 

Doses  of  sodium  artesunate,  each  at  30.0  mg  per  kg,  were  administered 
intravenously  on  days  1  and  2  of  treatment,  to  Aotus  11488  (Tables  19  and  20). 

The  parasitemia  was  suppressed  during  days  2  through  6  post  treatment,  but  then 
increased  to  pre-treatment  level.  The  parasitemia  cleared  on  day  18  after  the 
first  day  of  treatment. 

It  is  to  be  noted  that  the  drug  was  not  completely  water  soluble. 


I 
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CONCLUSION 


Based  upon  one  Aotus  infected  with  the  chi oroqu ine-sensi tive  Uganda 
Palo  Alto  strain,  a  30.0  mg  per  kg  dose  (x  2  days)  suppressed  the  parasi tenia . 
Further  studies  are  pending  upon  the  availability  of  additional  drug. 
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TABLE  20 

SUMMARY  OF  THE  ACTIVITY  OF  Na  ARTESUNATE  AGAINST  INFECTIONS  OF  THE  UGANDA  PALO  ALTO 

STRAIN  OF  PLASMODIUM  FALCIPARUM 
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ADAPTATION  TRIALS  IN  AQTUS  OF  THE  UNC-W2-MEF  CLONE  OF  PLASMODIUM  FALCIPARUM 


Although  not  a  primary  goal,  it  was  stipulated  at  the  inception  of  this 
contract  10  years  ago  that  new  strains  of  P_.  falciparum  or  P.  vivax  may  have 
to  be  adapted  to  Aotus  to  accomplish  a  specific  purpose.  The  CDC  Indochina 
III  strain  of  P.  falciparum  is  resistant  to  Fansidar  and  chloroquine.  The 
UNC-W2  clone  oT  this  strain  was  made  resistant  to  mefloquine  during  two  years 
of  continuous  mefloquine  pressure  in  vi tro  (3) .  The  UNC-W2-MEF  clone  is  4x 
more  resistant  to  mefloquine  than  the  parent  clone. 

A  culture  of  the  UNC-W2-MEF  clone  was  provided  by  MAJ  W.K.  Milhous, 

Walter  Reed  Army  Institute  of  Research,  for  adaptation  trials  to  Aotus.  The 
genealogy  shows,  to  date,  the  adaptation  trials  in  Aotus  of  diverse  origin. 

Details  are  presented  in  Table  21.  Two  monkeys,  8348  and  11614,  were  each  ino¬ 
culated  intravenously  with  approximately  100  x  10^  parasites  from  the  in  vitro 
cul ture. 

Blood  films  obtained  from  Colombian  Aotus  8348  (splenectomized)  were  nega¬ 
tive  for  14  consecutive  days  and  the  monkey  was  reinoculated  with  a  frozen 
sample.  A  patent  infection  was  established  (Table  21)  and  parasites  subinoculated 
to  other  recipients. 

A  patent  parasitemia  was  not  established  during  a  44  day  examination  period 
in  Panamanian  Aotus  1 1614  (splenectomized)  following  inoculation  of  parasites 
obtained  from  culture.  Infected  blood  from  8348  was  inoculated  into  11614, 
but  only  a  low-grade  parasitemia  (parasites  detectable  in  thick  blood  films) 
ensued  for  31  days.  A  second  subinoculation  of  infected  blood  from  8348  did 
produce  a  countable  parasitemia  -  maximun  of  540  per  nin3. 

Parasite  subinoculation  from  8348  to  Panamanian  Aotus  11742  (splenectomized) 
produced  patent  period  of  12  days,  with  a  maximun  parasitemia  of  450  per  cmm. 

A  hybrid  Aotus  (Colombian  x  Panamanian),  not  surgically  altered,  was  inocula¬ 
ted  with  parasites  from  8348.  To  date,  a  patent  infection  has  not  been  established. 


CONCLUSION 


lo  date,  the  highest  parasitemias  obtained  during  this  monkey  adaptation 
procedure  of  the  UNC-W2-MF.F  clone  has  been  in  a  splenec tom  i  zed  Aotus  of 
Colombian  origin.  These  parasitemias,  however,  are  considerably  lower  than 
usually  seen  for  well-adapted  P.  f  a  1  ci partnn  strains  in  Aotus.  Moreover',  high 
para s i ton ias  have  not  yet  occurred  in  Panamanian  Aotus.  Adaptation  trials 
of  this  clone  will  continue. 
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TABLE  21 

DETAILS  OF  ADAPTATION  TRIALS  IN  AOTUS  OF  THE  UNC-W2-MEF  CLONE 

OF  PLASMODIUM  FALCIPARUM 


Monk 

No. 

No.  Parasites 

Inoc.  x  10° 

Pre-Pa  tent 
PD. -Days 

Maximun 
Parasitemia 
Per  rmr 

Patent 
j  Day 

Pa  tent 
PD-Days 

Notes 

8348(S,C) 

100 

-  - 

I 

_ 

_  .. 

Neg.14  Days -Re inoc 

with  frozen  sample 

8348r 

13 

19 

30 

113 

Subinoc  11614-Days  12  &  51 

60 

Subinoc  11742-Day  90 

20,000 

90 

Subinoc  83005-Day  97 

1 1614(S,P) 

100 

— 

Neg .  44  Days 

1 1614r 

9 

1 

<10 

-- 

31 

11 61 4rr 

44 

1 

540 

10 

38 

1 1742(S,P) 

60 

1 

450 

5 

12 

83005(H) 

2 

Neg.  19  Days 

S  =  Splenectomized 
C=  Colombian  Aotus 
P=  Panamanian  Aotus 
r=  Re-inoculated 

H=  Hybrid  (Panamanian  M,  Colombian  F)  Aotus 


GENEALOGY  OF  ADAPTATION  TRIALS  IN  AOTUS  OF  THE  UNC-W2-MEF 
CLONE  OF  PLASMODIUM  FALCIPARUM 


(s)  = 
*  - 

★  ★  = 
★  ★★  - 


IN  VITRO 

I _ 

v  - v 

1 1 6 1 4 ( s )***  8348*(s) 

1  v 

1 1 742( s)***  83005** 


Splenectanized 

Aotus  of  Colombian  origin 

Hybrid  (Panamanian  M,  Colombian  F) 

Aotus  of  Panamanian  origin 
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